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REMARKS 

M, Application ha. been carefully reviewed in Ugh. of the Office Action nulled 
M.y23 2003 (the -Office Action"). Claims 14-22 To cu^tty pendti.sk the AppUcation. 
aLM3hav.beenwithdr.wntomcomid.retiona.describedbelow.Ctol4ha.been 

tended ! Applied re^criuBy sanest r«onrideratton and avorable action in this case. 
Traction Restriction 

Claims 1-13 were withdrawn from examination by the Examiner as being drawn to a 
^-elected invention. Applicants reserve the right to file a divisional application which 
presents the subject matter of Claims 1-13 for examination on the merits. 



^rawing Objections 

The Examiner objected to the drawings because, according to the Office Action, 
"Figures 1-3 and Figure 5 should be designated by a legend such as -Prior Art- because only 
that which is old is iUustrated"." See Office Action, at 2. Applicants respectfully submit 
Replacement Sheets 1-7 that comply with the requirements for formal drawings. Figures 2 
and 5 illustrate certain aspects of a prior art conventional distillation system, and Figures 3 
and 6 illustrate aspects of a prior art azeotropic distillation system. Figure 1 has not been 
labeled "prior art" as suggested by the Examiner, because even though it depicts the presence 
of a "dehydration" unit 1 in a typical plant, the dehydration unit 1 of Figure 1 serves to 
illustrate where the improvement to the prior art system maybe incorporated. 

Figures 5 and 6 have been amended to add numerals 562 and 662, respectively, to 
denote the compressor previously presented on each figure. Additionally, Figure 7 has been 
amended to read consistently with the "Description of Specific Embodiments." In particular, 
numeral 798 as been amended as numeral 791. These errors were strictly administrative in 
nature, and correction is made only to remove confusion in interpreting the Description of 
Specific Embodiments in conjunction with the drawings.No new matter has been added. 
Applicants respectfully submit that the formal drawings conform to all drawing requirements 
and request that the objection to the drawings be withdrawn. 
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No newborn* beaded. W*-*—*"*-"" 
the objection to the Abstract be withdrawn. 

Section 11? Refections , ^ paragraph, as 

The Examiner rejects Claims 14-22 under 35 U.S.C. §. 112, second p »n* 
being indefinite for failing to particularly point out and distinctly claim ^ subject 
which appUcant regards as the invention. Specifically, the Office Action objeo* to ^o 
, 6n JTgthevapor«inClaiml4. Office Action, at 2. AppUcants respectfully subnut that 
step of "entraining the vapor" isaterm of art widely used m many — proces^d 
Z a step of "entraining the vapor" does not provide for ambxgorty and — . 
AppUcants have amended Claim 14 to recite, among o*er things, "condensmg the vapor 
lam to a tiquid having an organic component and a water component the^amc 
component separable from the water component through phase separate Applicants 
respectfully submit that me foregoing amendment to Claim 14, as well as the known process 
of "entraining the vapor" are sufficient to overcome the Examiner's rejection of Chum 14 for 
failing to particularly point out and distinctly claim the subject matter which Apphcants 
regard as the invention. Accordingly, AppUcants respectfully request withdrawal of the 
rejections of Claims 14-22 under 35 U.S.C. § 112. 

equina Rejections 

The Examiner rejects Claims 14-22 under 35 U.S.C. § 103(a) as being unpatentable 
over AppUcants' Disclosure of Admitted Prior Art in view of U.S. Patent No. 2,275,802 to 
Othmer et al. ("Othmer"). Applicants have amended Claim 14 to recite, among other things 
me dehydration column operating at greater than ambient pressure." There is no teaching 
. or suggestion in what the examiner regards as Applicants' admissions to modify the 
azeotropic distillation process disclosed in Othmer to include operating the dehydration 
column above ambient pressure. For example, Othmer merely discloses an azeotropic 
distillation process, which Applicants admit is prior art, as noted in the Office Action. 
Therefore, Claim 14 is patentable. Accordingly, AppUcants respectfully request that the 
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. ^ „ of rimrn 14 and Claims 15-22, which depend fiom Claim 
Examiner withdraw the rejection of Claim 14, ana waun 

14basedon35U.S.C§103. 
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rn ^CLUSIONS 

AppUeants have mad, an «« attempt * P>~ » — to — *» *» 
For ft. Igoing reasons, and for oft* reasons cleariy ajpaient. Appnoant. raspectfidly 

a«omey for Applicants «ands ready to oondno, auoh a conference a. to 
convenience of the Examiner. 

Ue Commoner is toreoy authorized to ctarg. «T fee. or credit any 
o ™rpaymentat0DeporitAceoontNo.02-0384ofBal«rBottsL.L.P. . 

Respectfully submitted, 

BAKER BOTTS L.L.P. 
Attorneys for Applicants 
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BACKGROUND OF THE INVENTION 
roooi] The invention relates to chemical processes used in the distillation of 

\Jm cecals, ^re particularly, the invention is directed to me recovery of acetic 
acid used during the production of terephthalic acid. 

roo02] Terephthalic acid is useful in a diverse variety of industrial applications and 

1 , ^fcthaiie acid is a starting material for producing 

chemical processes. For example, terephthalic acid is a sxarung 

y narrft11 TM oolvester used in textile and container production. 

«nWfftters including plastic and Dacron poiyesu* w»w ^. 

Z 1 to -y > - d — - ° wUc * i ° ns - Soft *** ^ 

a„ nr.de from tois resin to addition «o plastic J. and clam*all packages used » conaumer 
good transport and food distribution. 

[00o3] Terephtiralic acid U typically pn>duced by a reaction of pugta- with 
motecute oxygen to toe prance of During toe predion procesa, acetic acrd rs 

naed as a soL of terephtoaUc acid. The acetic acid become, dilured . mm durmg the 
oxidation to a reacttr w^ioo of a terephto* acid plant to th. production eye!.. A portion 
of «. acetic acid and w*« «« ia toen aent . a dehydration unit to .amove to. water, 
generated in the reactor for recycling or waste. 

F00041 Ttaeo differ** approaches have been employed in the terephthalic acid plan* 
Leprae me acetic acid and water .0 toa. the acetic acid c» be recycled back to toe re^r 
while the water generated by the reaction ia sen, » the was.. w«er «rea»en. faedtiy fbr»fe 
preceding. One approach ia by convention diatiUation wherein the different borhng *** 
of to components prcvid. for the separation of acetic acid and water. An azeottoprc 
diatiUation approach utilize, enrrataera ,0 form azeotiopea with to. acetic add and w*ter 
providing for a change in energy reonire»en« for processing. Liquid-liquid ochnction » a 
final approach for acetic acid and water separation during toe terephthalic acid producuor, 
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t00 „51 Dilation haa been widely used ae a primary unit operation for acetic acid 
LovLy from water. In auch procesae,, one or more tewer. are uuiizeo to procea. a numb* 
of Jms of varying concentrations of acetic acid wi«h me pu*ose of recovering * for 
^eruseinanoxidationstep. The produce n^nlhe diadUation tow are a oodom stream 
of em.een.ra.ed acetic acid and an overhead atieam ma, ideally would J- 
„ to loas of me valuable acetic acid aolvent. A more pure TT 
woul o reduce me omden on downaream waete water ttertnmnt fed*, mereby 
preventing accidental chemical spilla. 

100061 However, the distillation of acetic acid and water Is no, very efficient due to 
L highly non-ideal vapor liquid e^ilibriem characteriatice of m. acedc acid/water eyatem. 
Conventional diatillation syetema require me uae of , high number of theoretical rtages, r.e„ 
actum hay., and a high reflux ratio, i.e., high energy consumption, «o ob«ain reasonably tow 
level, of .cede acid, typically in me rang. MMMK m me overbad diatilled «*.. The 
overhead waste water i. subsequentiy processed ,o recover certain organic by-prodncte, and 
^ then sent tt, tte wa«e water tteabnen, facility where any temailung acenc «d 
will be neutralized and spent. 

[0007] The use of conventional distillation, therefore, involves high investment cost 

because of the large dimensions of the required tower and column equipment and a high 
operating cost because of the high amounts of steam consumption involved. Ft^ermore, the 
traditional process scheme does not allow one to economically obtain a distillate completely 
free of acetic acid. This limitation, in turn, presents operating problems including costs 
associated with the operation resulting from the acetic acid losses, costs associated with the 
treatment of the acetic acid in the waste water, limitations of the capacity of the downstream 
waste water *e*fa*g treatment facility and environmental problems that are continually 
increasing because of the ever more rigorous standards for acceptable levels of emission to 
the environment. 

[0008] There has been an effort to look for alternatives to miiiimize the high 

operating costs associated with the conventional distillation for the separation of acetic acid 
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and water. Chemical processors and companies have resorted to azeotropic distillation 
involving me addition of selective alkyl ***** ace^ such as *e isobutyl acetate (IBA), 
normal butyl acetate (NBA), or nonnal propyl acetate (NPA) etc., as an entratner to the 
dehydration column. The entrainer forms a low boiling azeofrope with water and merefore 
^proves the relative volatility of me separation between the acetic acid and the alkyl- 
acetate/water azeotrope. This reduces the energy or theoretical stage requirements for me 
same separation. Compared to the conventional distillation, an azeotropic distulatmn 
approach typically reduces the energy (U., steam) consumption by 20-40% .the acetic 
acid/water dehydration column while giving relatively low acetic acid concentration, 300-800 
ppm, in the distillated water. The azeotropic distillation column is generally operated at 
ambient pressure in the terepbthalic acid plants in all prior art systems. 
[0 009] Effort has also been reported by the use of Uquid-liquid extraction with special 

extractive agents to recover the acetic acid from the water streams to only contain 0.1 wt % 
acetic acid to 20% acetic acid. Some of the agents usually used are acetates, amines, ketones 
and phosphine oxides and mixtures thereof. Once the extraction step is completed, a 
complicated series of distillation steps are required to recover the acid and to recirculate the 
extractive agent back to the extraction stage. 

[00010] In view of such energy waste from the use of traditional distillation systems, 
what is needed is a distillation system which is energy efficient and produces less waste and 
unwanted byproducts. The system should also recycle both energy and initial products i*-* 
cuviionmcntony jo «" environmentally friendly manner. The distillation system and 
process should also be easily modifiable to existing chemical process systems to enhance 
current and existing plants. Moreover, the recovery system should be easy to install without 
large capital expenditures. 

[0011] For these reasons, it would be desirable for a distillation system for recovering 

acetic acid to use less an crsy, genera* enerpy and generate energy for other uses within 
the plant. The system should save raw chemicals and material, result in less acetic acid 
runoff in waste water and save money. Such systems and methods should also be applicable 



PAGE 17/33* RCVD AT 1/13/2004 9:17:25 AM [Eastern Standard Time] * SVR:USPTO-EFXRF-1/25 * DMS:2731450* CSID:214 9S3 6503 * DURATION (mm-ss):10-54 



PATENT APPLICATION 

ATTORNEY DOCKET NUMBER - ' 10/075,577 

064977.0133 4 

to . „ide variety of chanie.1 proves on . wide r»ge of todurtrtol *dA The «M 
shouto .1,0 be simp., and 1« expensive to manure while being eon***!, w*h 
conventional systems and processes. 
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<jTl|y| ^ARY Of THE INVENTION 

,000121 A dlsrilladon system i. ***** for recovering acetic add ftom water during 
Lphtoalic ^ producdon comprising a dehydration cohunn with an overhear 
JLu me overhead secdon inches a condenser or steam generator. The d.hydranon 
cotam , has * least one input feed suesm — g an acedo acid and water rnrxtore 
p^uced dnring dto prodnedon of toe torephthdio acid where me aeede acrd . a so^ent tor 

rO00131 The dehydration column has an entrsiner for the ametropia dUtiltatipn of the 
LphthaUcadd m one embodiment, the entrainer i. N-buty! acetate. In . m*m 
anbodiment, the entrainer* I-bWyl acetate or a mixutr. of N-butyl achate ^ 
ecetate. Thedi.tffl.tionoolnmnha6 an overhead pressure of at l«st UUta ababutmay 
be greater than 1.2 kg/cm 2 abs. 

[00014] The output bottom stream of the column has a higher acetic acid concentration 
ibftt than the input feed stream. 

[00015] The distillation system further has a condenser for separating the acetic acid 
fro m the water. The output overhead vapor stream of the column has a lower dilute acetic 
acid concentration than the at least one input feed stream. The condenser condenses a vapor 
from the overhead of the dehydration column to generate a low pressure steam. The low 
• pressure steam generated has a pressure of at least 0.6 kg/cm 2 abs but can reach pressures of 
greater than 2.0 kg/cm 2 abs. 

[00016] A distillation method is also disclosed for recovering acetic acid from water 
during the production of terephthalic acid. The method comprises the steps of providing an 
input feed stream of water containing acetic acid and distilling the input feed stream in an 
azeotropic dehydration column having an overhead into a vapor stream. The vapor stream is 
entrained utilizing N-butyl acetate or I-butyl acetate or a combination thereof. The vapor 
stream is then condensed to separate acetic acid from water output a bottom stream having a 
higher acetic acid concentration than the input feed stream and an output overhead stream 
having a more dilute acetic acid concentration than the input feed stream. 
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r000l71 The present invention is a further improvement of the azeotropic distiUation 
process to separate the acetic acid from water in the terephthalic acid (PTA) plant while 
generating steam via energy recovery. The invention uses either isobutyl acetate (BA) 

or normal butyl acetate (NBA) or their mixtures as an entrainer in the acetic acid 
distillation column at an overhead operating pressure of 1.3 kg/cm> abs. or higher. The 
invention includes a steam generation system on top of the dehydration column to recover 
energy in the form of steam by condensing the overhead vapor leaving the dehydration 
column and generating a low pressure steam at 0.6 - 2.0 kg/cm 2 abs. for various downstream 
uses Based on the conventional distillation devices, the acetic acid content in the overhead 
water can be reduced to approximately 300-800 ppm typical from over 7000 ppm. Further 
reduction of acetic acid content (to 150 ppm or less) can be achieved by the use of higher 
performance mass transfer equipment such as multiperforated valves and high capacity trays 
and downcomers in the column without the expense of additional steam consumption. 

[00018] TTriHrfiTC 3* utOiz^ existing mass transfer devices and equipment within 
existing plants with existing specifications and separation requirements, the present invention 
significantly reduces the reboiler duty (i.e., steam consumption) required for the separation. 
When compared to conventional distiUation, thepresent system and method typically requires 
20-40% lower energy than that of conventional distiUation processes. Combined with 
substantial lower energy consumption during the acetic acid/water separation, the present 
invention significantly reduces the acetic acid in the overhead water, typicaUy, from 0.5- 
0.8wt% to 300-800 ppm, or even lower. 

[00019] The invention is most advantageous when appUed to revamp or «pteee««rt 
reil i aC e acetic acid dehydration columns using conventional distillation. Not only is the 
energy consumption drastically reduced, the acetic acid loss during distiUation is significantly 
reduced before waste water processing. Some energy is recovered through steam generation 
and helps reduce the operating costs and loads on existing waste water fteatfag treatment 
facilities. 
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[000201 This invention relates to a new method for recovering acetic acid, which is the 
solvent typically used in the production cf terephthalic acid and is also a recoverable waste 
stream in other important industrial processes. The system and method also provides a 
significant reduction in the total net energy consumpuonof aplant andaUows for anmcrea^e 
in capacity for existing plants. A plant according to the present invention generates a 0 6 
kg /emabs. or higher pressure tf steam for** additional power generation and use wxthm the 
plant The improved terephthalic acid plant also miaimizea the waste water 
treatment faculty requirements and eliminates organics emission problems currently existing 
in most terephthalic acid production plants. In one embodiment, the invention provides a 
modification to existing acetic acid distillation systems in conjunction with an azeoHopic 
distillation system to be operated at higher than ambient operating pressure thus saving 
energy and recovering more acetic acid. 

[00021] The invention also offers its economic benefits in new terephthalic acid plant 
construction where the overall energy consumption of the invention is the lowest among all 
current and prior art methods. The present invention is also particularly useful during 
revamps wherein existing plants are updated with new components during retrofitting or 
regular maintenance. The system and method may also be designed into new terephthalic 
acid plant construction. 

[00022] Thui» and other, gonk These »nd ofter goals and embodiments of the 
invention will be better appreciated and understood when. considered in conjunction with the 
following description and the accompanying drawings. It should be understood, however, 
that the following description, while indicating preferred embodiments of the invention and 
numerous specific details thereof, is given by way of illustration and not of limitation. Many 
changes and modifications may be made within the scope of the invention without departing 
. from the spirit thereof, and the invention includes all such modifications. 
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t^PT yP DESCRP T Tr> N ™* Jjffi DRAWINGS 

[00023] FIGURE 1 is a block diagram outlines various process units in a typical plant 
during terephthalic acid production. 

[00024] FIGURE 2 illustrates a flow diagram of an acetic acid dehydration column 

using conventional distillation typically found in prior art terephthaUc acid plants; 

[00025] FIGURE 3 shows a flow diagram of an acetic acid dehydration column using a 

typical azeotropic distiUation under .^op^J^^i^^^^ 

[00026], FIGURE 4 is a flow diagram of an acetic acid recovery system according to 

the present invention, in which an azeotropic distillation column is equipped with a condenser 

which is an overhead steam generation system to generate low pressure steam. 

[00027] FIGURE 5 shows a flow diagram of the steam generated utilizing a 

conventional distillation process, 

[00028] FIGURE 6 is a flow diagram of the steam generation from only the reaction 
section and its usage in a typical terephthaUc acid plant. 

[00029] FIGURE 7 iUustrates a flow diagram of the generation of steam from the 
reaction section in combination fee* wjth the steam generated during the dehydration 
process during terephthaUc acid production. , 
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DESCRIPT ION OF THE SPECIFIC EMBODIMENTS 

[00030] The invention arose out of an observation that a large amount of energy was 
expended within the system for the production of terephthalic acid. In addition to the energy 
expenditures, minimal to no recycling was occurring where solvents such as acetic acid were 
not recovered and were sent to waste water treatment facilities thereby increasing the energy 
requirements by requiring further, processing outside the scope of the plant system. 
[00031] Typically, industrial chemicals such as terephthalic acid is produced during 
multiple fractionation stages where heavier liquids are distilled with lighter vapors. A 
distillation column is used which comprises a cylindrical tower housing with multiple tower 
internals to promote the interaction between the vapor and liquid. 

[00032] Conventional tower internals include sieve and valve trays, random and 
structured packings or any combination thereof. Preferably, high performance tower 
internals will be used in the production of terephthalic acid according to the present 
invention. This includes advance dispersion valves such as perforated valves as disclosed in 
U.S. Pat. No. 6,145,816, of which the entire disclosure is incorporated herein by reference. 
Multiple downcomer and capacity increasing bubble promoters may also be used to enhance 
the efficiency and capacity of the distillation column. 

[00033] Turning now to the figures where like numerals depict similar components, 
FIGURE 1 is a schematic block flow diagram of a typical terephthalic acid process plant. 
The major sections of the plant consist of reaction 2, crystallization 3; drying 4, purification 
5, dehydration 1 sections or units. A waste water treatment facility 6 is typically the final 
component for processing in the terephthalic plant. 
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[00034] The feedstock or inputs comprise paraxylene 73 and molecular oxygen (i.e., 
air 71) along with a catalyst 72 that are fed into the reaction section 2. Terephthalic acid 95 
(PT A) is a product of the reactor. The product and water are produced according to the 
following chemical reaction: 




# 



[00035] The terephthalic acid product is sent to crystallization 3, drying 4 and 
purification 5 units for further downstream processing to produce purified terephthalic acid 
95. The water 81 generated from the reaction and the solvent used in the reaction, ie„ the 
acetic acid 82, are sent to the dehydration section to recover the acetic acid 92 and return it to 
the reaction section for reuse. Middle grade terephthalic acid 96 (MTA) can also be produced 
and recovered before further purification into terephthalic acid 95 in the reaction. The water 
94 is then sent to a waste water treatment facility for disposal. 

[00036] Typically, the heat generated in the above exothermic reaction to produce the 
terephthalic acid is recovered by the generation of the middle pressure steam 93. The middle 
pressure steam is generally used in the dehydration section. The present invention applies to 
the dehydration section. 

[00037] FIGURE 2 illustrates a typical flow diagram, using a conventional distillation 
method for acetic acid dehydration in the dehydration section of the terephthalic acid 
production plant. The conventional distillation system incorporates a steam generator to 
recover some steam for reuse. 
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[00038] Dehydration column 200 typically includes trays 290 and a reboiler 202. 
Water streams 281 containing acetic acid solvent 282 and a small amount of organic by* 
product 283, methyl acetate, are fed to the dehydration column 200 which typically consists 



of 70-90 distillation trays 290. Acetic acid 292, typically at 92-95 wt°/ 0 concentration, is 
1 recovered from the bottom of the dehydration column 200 and returned to the reaction 
section. 

[00039] Water, organic by-product, methyl acetate and any unrecovered acetic acid 
(typically 0.5-0.8 wt% in concentration) exit the top of column 200 as overhead vapor 299, 
The overhead vapor is then condensed by overhead condenser 220 with boil feed water 274, 
Overhead condenser 220 produces low pressure steam 291 during condensation to recover 
some energy to be recycled into the plant for various uses. Typically, a conventional 
dehydration column generates low pressure steam (typically 0.6 - 0.7 kg/cm2 g) at the top of 
the column. 

[00040] The resulting condensate of overhead vapor 299 is then fed to a reflux drum 
233. A secondary condenser 231 further condenses the condensate with non-condensable 
vapor vented through vent 285. A portion of the resulting reflux is recycled back to column 
200 as reflux. # 

[00041] The remaining portion of the reflux is fed downstream to methyl acetate 
column 210 to separate the organic by-product, methyl acetate 283 as the overhead product 
and the water and the acetic acid as the bottom product. Column 210 has a condenser 21 1, a 
receiver or reflux drum 213 and a reboiler 212. The water stream 284 containing the acetic 
acid is then sent to the wastewater treatment facility for disposal, the methyl acetate 283 is 
fed back to the reactor for recycling. 

[00042] Typically, a portion of the middle pressure steam generated in the reaction 
section provides a heat source to the reboiler 202 of the dehydration column 200 for use 
during the acetic acid/water separation. The balance of the steam is used in power generation 
or other purposes as illustrated in FIGURE 5. Approximately 50% of the middle pressure 
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steam generated is used for the distillation needs in the dehydration section for this 
conventional distillation method. 

[00043] FIGURE 3 illustrates a typical flow diagram using prior art azeo tropic 
distillation with entrainers such as isobutyl acetate (IBA) or normal butyl acetate (NBA) in 
the dehydration section of a typical terephthalic acid plant. 

[00044] Water streams 381 containing acetic acid solvent 382 and a small amount of 
organic by-product 383, methyl acetate, are fed into the dehydration column 300. Column 
300 has a condenser 301 and a reboiler 302. Typically, dehydration column 300 consists of 
60-70 distillation trays 390 operating at or near ambient pressure. Acetic acid 392, typically 
at 92-95 wt% of concentration, is produced from the bottom of the dehydration column 300 
and returned to the reaction section. The water, by forming a low-boiling azeotrope, along 
with trace amounts of unrecovered acetic acid and a small amount of reaction by-product, 
methyl acetate, exit the top of the column as overhead vapor 399. An azeotrope is a mixture 
of pure components that has a constant boiling point and cannot be easily separated by 
conventional distillation. The boiling point of the azeotrope is lower than the boiling points 
of either of the two pure components. 

[00045] The overhead vapor 399 is then condensed and fed into decanter 340. The 
resulting liquid condensate formed from the overhead vapor 399 forms two phases, an 
organic phase and a water phase. The organic phase and acetic acid is combined with an 
entrainer such as IBA or NBA from entrainer makeup 375 in decanter 340, A portion of the 
organic phase containing the entrainer and organic by-product with acetic acid is recycled 
back to the column 300 as the reflux. 

[00046] The remaining portion of the organic phase is fed downstream to methyl 
acetate column 310 to separate the organic by-product, methyl acetate, from the entrainer. 
Methyl acetate column 310 is preferably a distillation column with trays 390. Column 310 
has a condenser 3 1 1, a receiver or reflux drum 3 13 and a reboiler 312. Methyl acetate 383 is 
recovered in the overhead and recycled to the reactor section. The entrainer is a bottom 
product of methyl acetate column 3 10 and recycled back to the decanter 340. 
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[00047] The water phase of the decanter 340 containing water, entrainer, methyl 
acetate that is dissolved in the water phase and a trace amount of acetic acid (typically 300- 
800 ppm) is then fed to a downstream stripper column 330 to separate the methyl acetate and 
acetic acid. Stripper column 330 has a condenser 331, a receiver or reflux drum 333 and a 
reboiler 332. Methyl acetate is separated as the overhead product which is then sent to the 
methyl acetate column 310 to separate the methyl acetate and the entrainer. The water 
product 384 from the bottom product of column 330 containing a small amount of 
unrecovered acetic acid is then sent to the waste water treatment facility for disposal. 

[00048] There are two primary advantages of azeotropic distillation over conventional 
distillation, namely, 1) lower the energy (i.e. steam) consumption by 20-40% and 2) lower 
acetic acid loss to waste water treatment facility from 0.5-0.8 wt% in the waste water. 
Comparatively, the acetic acid loss is typically 300-800 ppm with the azeotropic distillation 
versus 7000-7500 ppm for conventional distillation. 

[00049] Conventional prior art azeotropic distillation dehydration towers in 
terephthalic acid production plants are operated at ambient operating pressure. Due to the 
low azeotropic boiling temperature, heat recovery from the top of the dehydration column is 
not feasible, therefore, no steam generation system is used during typical azeotropic 
distillation for acetic acid dehydration in the terephthalic acid plants. Thus, no energy is 
recovered for other uses thereby increasing the total net energy consumption within the plant. 

[00050] Typically, a portion of the middle pressure steam generated in the reaction 
section (not shown) provides a heat source to the reboiler 302 of the dehydration column 30 1 
for the required acetic acid/water separation. The balance of the steam is used in power 
generation or other purposes as illustrated in FIG. 6. Only approximately thirty percent 
(30%) of the middle pressure steam generated is used for distillation needs in the dehydration 
section during prior art azeotropic distillation. 

[00051] FIGURE 4 illustrates the flow diagram of the subject invention employing 
both the azeotropic distillation, with entrainers to form azeotropes and a steam 
generation/heat recovery system in the dehydration section of the terephthalic acid plant. The 
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present invention further improves azeotropic distillation systems by generating steam during 
the separation of acetic acid from water in the distillation phase of terephthalic acid 
production. Isobutyl acetate (IBA) or normal butyl acetate (NBA) or their mixtures is used as 
an entrainer in the acetic acid dehydration column. The column has an overhead operating 
pressure of L3 kglcm2 abs. or higher. A steam generation system is located on top of the 
dehydration column to recover the steam energy by condensing the overhead vapor column. 
The steam is a low pressure steam of about O.iS - 2.0 kglcm2 abs. Acetic acid is recovered 
from the system in the amount of 300-800 ppm. 

[00052] A system according to the present invention incorporated into an existing mass 
transfer plant significantly reduces reboiler duty (i.e. steam consumption) required for the 
separation process. Energy consumption is lowered 20-50% compared to prior art methods 
while maintaining low acetic aid loss in waste water to 0.5-0.8wt% to 300-800 ppm or lower. 
When combined with advanced mass transfer devices such as perforated valves, advanced 
downcomers and tower internals or any equivalent high performance equipment, acetic acid 
loss may be reduced to only 150 ppm or less. 

[00053] Turning now to FIGURE 4, water streams 481 containing acetic acid solvent 
482 and a small amount of organic by-product 483, methyl acetate, are fed into a dehydration 
column 400. In one embodiment, dehydration column 400 comprises at least 60 distillation 
trays 490. Column 400 is operated at higher operating pressure greater than at least 1.3 
kglcm2 abs. at the top of the dehydration column 400. Acetic acid 492, typically at a 
concentration of 92-95 wt%, is produced from the bottom of the dehydration column 400 and 
returned to the reaction section. Water, by forming a low-boiling azeotrope, along with trace 
. amounts of unrecovered acetic acid and a small amount of reaction by-products including 
methyl acetate exit the top of the column 400 as overhead vapor 499. The overhead vapor 
499 is then condensed by steam generator or overhead condenser 420 which produces low 
pressure steam 498, Overhead condenser 420 has a secondary condenser 421 which further 
condenses the overhead vapor 499 with any non- condensable vapor vented through vent 485. 
Boil feed water 474 is provided to the' system to generate the steam necessary to support the 
various units such as the overhead condenser. 
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[00054] The liquid condensate formed from the overhead vapor 499 is then fed 

into decanter 440 and forms two liquid phases, an organic phase and a water phase. The 
organic phase and acetic acid is combined with an entrainer of IBA or NBA from entrainer 
make up 475 in decanter 440. A portion of this mixture is recycled back to column 400 as 
reflux. 

[00055] The remaining portion of the organic phase is fed downstream to methyl 
acetate column 410 to separate the organic by-product r methyl acetate, from the entrainer. 
Methyl acetate column 410 is preferably a distillation column with trays 490. Column 410 
has a condenser 41 1, a receiver or reflux drum 413 and a reboiler 412. Methyl acetate 483 is 
recovered in the overhead and recycled to the reactor section. The entrainer is a bottom 
product of methyl acetate column 410 and recycled back to the decanter 440, 

[00056] The water phase of the decanter 440 containing water, entrainer, methyl 
acetate, that is dissolved in the water phase and a trace amount of acetic acid (typically 300- 
800 ppm) is then fed to a downstream stripper column 430 to separate the methyl acetate and 
acetic acid. Stripper column 430 preferably is a distillation column with trays 490. Column 
430 has a condenser 431, a receiver or reflux drum 433 and a reboiler 432. Methyl acetate is 
separated as the overhead product which is then sent to the methyl acetate column 410 to 
separate the methyl acetate and the entrainer. The water product from the bottom product of 
column 430 containing a small amount of unrecovered acetic acid is then sent to the waste 
water treatment facility for disposal. 

[00057] While the higher column operating pressure disclosed in the present invention 
is not significantly different from the energy consumption and acetic acid losses when 
compared to prior art azeotropic distillation systems operating at ambient pressure, the 
present invention generates useful low pressure steam within condenser 420 at a pressure of 
0.6-2.0 kg/cm2 because of the higher initial operating pressure. Unlike prior art azeotropic 
distillation, the present system and method allows the overhead temperature in the azeotropic 
dehydration column to be high enough for the generation of the low pressure steam 498 that 
can be used for power generation and/or other uses. The steam generation, though at low 
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pressure, is not feasible within prior art azeotropic distillation systems used in the terephthalic 
acid plants. 

[00058] Preferably, a portion of the middle pressure steam generated in the reaction 
section (not shown) provides a heat source to the reboiler 402 of the dehydration column 400 
for the required acetic acid/water separation. The balance of the steam is used in power 
generation or other purposes as illustrated in FIGURE 7. Only less than approximately thirty 
percent (30%) of the middle pressure steam generated is used for distillation needs in the 
dehydration section during prior art azeotropic distillation. 

[00059] The key advantages for the present invention over conventional distillation 
methods and azeotropic distillation schemes in terephthalic acid plants provide benefits 
including: 

1 . lower energy (i.e. steam) consumption and savings of at least 20-40%; 

2. lower acetic' acid loss to the waste water treatment facility from 0.5-0.8 wt% in 
the waste water in conventional distillation versus 300ppm»800ppm or lower 
in azeotropic distillation; and 

3. recovery of total, net energy by generating low pressure steam of at least 0.6- 
2.0 kg/cm2 abs. for power generation or other uses in the plant. 

[00060] Having generally described the invention, a further understanding can be 
obtained by reference to the following example, which is provided herein for purposes of 
illustration only, and is not intended to be limiting in any manner unless otherwise specified. 

EXAMPLE: 

In a typical 350,000 MTA terephthalic acid production plant, various acetic acid 
dehydration methods, namely, conventional distillation, azeotropic distillation at ambient 
operating pressure and the invention are compared. The typical design and operating benefits 
of the various methods are summarized in the table below: 
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Conventional 
distillation 



Azeotropic . 
Distillation (Prior 
Art) 



Invention 
(case 1) 



Invention 
(case 2) 



Entrainer used none 



PTA Production 350,000 

Topical No. of trays 

in Dehydration 90 

Column 

Pressure of Steam 
generated from 
Reaction Section 

(kg/cm2 abs.) 6 and 1 .5 

Middle pressure 
steam(6kg/cm2 
abs.) consumption in 
Dehydration Section 60 
(T/hr) 

Pressure of Steam 
generated from 

Dehydration Section 0.6-0 J 
(kg/cm2 abs,) 

Amount of steam 
. generated from the 
Dehydration section 52 
T/hr) 

Typical Acetic Acid 
cone, to Waste 

Water treating, ppm 7000 

Waste Water flow 
ratetoWWT, 13 
Ton/hr . 

Total Acetic Acid 
losstoWWT, 

Ton/year 728 



Iso-Butyl Acetate 
350,000 
70 



6 and 1.5 



42 



none 



none 



300 
13 

31.2 



N-Butyl Acetate 
& Iso-Butyl 
Acetate 

350,000 



70 



6 and 1.5 



42 



0.6-2.0 



38 



300 



13 



31.2 



N-Butyl Acetate 
& Iso-Butyl 
Acetate 

350,000 



90 



6 and 1.5 

36 
0.6-2.0 

34 

300 
13 

31.2 



[00061] As illustrated in the table above, a dehydration column using conventional 
distillation with 90 fractionation trays consumes the highest middle pressure steam amount at 
60 T/hour during dehydration thus using more total energy. This steam use and consumption 
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is greater than both conventional azeotropic distillation and the present invention. However, 
the energy consumed in dehydration is typically recovered by the generation of low pressure 
steam from the overhead section of the dehydration column. Consequently, the acetic acid 
loss by using conventional distillation method is substantially higher than both that of the 
conventional azeotropic distillation or the present invention. 

[00062] It is theoretically possible to increase the column reflux or number of 
fractionation trays to further reduce the acetic acid loss in the water stream during 
conventional distillation. However, it is not economically justifiable due to the exponentially 
increasing costs in both higher energy consumption and/or higher capital investments by 
requiring more raw materials for column construction. 

[00063] In comparison, in a dehydration column using azeotropic distillation equipped 
with 70 fractionation trays, energy consumption is approximately seventy (70%) of that of the 
energy consumption during conventional distillation. Additionally, acetic acid loss is 
substantially reduced when compared to that of conventional distillation as demonstrated 
above. The disadvantage of this approach is that, due to lower operating pressure of the 
azeotropic distillation, it is not feasible to recover the energy through steam generation during 
dehydration. 

[00064] In contrast, the present invention offers not only the lowest energy 
consumption but also provides the lowest acetic acid loss. In one embodiment, the 
terephthalic acid production system and method according to the present invention is 
equipped with seventy (70) fractionation trays. In another embodiment, the system comprises 
ninety (90) fractionation trays. 

[00065] Moreover, due to elevated operating pressures at the top of the dehydration 
column, the present invention also recovers a greater amount of energy than that of prior art 
systems by generating a -greater low pressure steam in addition to the middle pressure steam 
simultaneously. This low pressure steam can be recycled and returned to the system for 
many other uses within the plant thus globally saving energy. 
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[00066] As shown in either embodiment of the present invention, the total acetic acid 
loss remains low as in typical azeotropic distillation and in comparison to conventional 
distillation. The invention combines both the benefits of conventional distillation and 
azeotropic distillation in a novel way to provide substantial economical benefits over prior art 
systems and methods. The energy savings and recovery of more raw materials and chemicals 
may be used both the new plant constructions and the revamp projects. 

[00067] Turning now to FIGURES 5-7, steam flow and generation within a 
terephthalic acid plant are shown under various operating schemes. FIGURE 5 depicts a flow 
of steam generated by a steam generation system in conventional distillation for use within 
the plant. The system generates both middle pressure steam 593 and low pressure steam 591. 

[00068] Reaction unit 502 produces middle pressure steam 593 at a pressure of 3.5-5.0 
kg/cm g. Most of the middle pressure steam 593 is consumed primarily in the dehydration 
section 501 for use during acetic acid and water distillation. Middle pressure steam 593 also 
turns turbine 560 for power generation within the plant for uses such as pushing the 
compressor 562 and other utility uses 507. 

[00069] Low pressure steam 591 is generated by the dehydration section 501 at a 
typical pressure of 0.5-0.8 kg/cm 2 abs. during the distillation of acetic acid and water. The 
low pressure steam 591 is then sent to steam turbine 560 for additional power generation for 
use within the plant. 

[00070] In contrast to conventional distillation, FIGURE 6 shows the flow of steam 
generation and usage in a terephthalic acid production plant during azeotropic distillation. 
The system generates only middle pressure steam 693 at a typical pressure of 3.5-6.0 kg/cm 
g. Middle pressure steam 693 is produced in the reaction section 602 of the plant and is 
consumed mainly in the dehydration section 601 for use in acetic acid and water distillation. 
Steam 693 is also used in turbine 660 for power generation and for the consumption in the 
crystallization section and other utility uses 607. 
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[00071] Referring to FIGURE 7, a steam flow diagram is illustrated accosting to the 
system of the present invention. The system generates both middle pressure steam 793 and 
low pressure steam 791 simultaneously. 

[00072] Reaction unit 702 produces middle pressure stfeam 793 at a pressure of 3.5- 5.0 
kg/cm g. Middle pressure steam 793 is consumed in the dehydration section 701 for use 
during acetic acid and water distillation. . Middle pressure steam 793 also turns turbine 760 
for power generation within the plant for uses such as pushing the compressor 762 and other 
utility uses 707, 

[00073] Low pressure steam 791 is generated by the dehydration section 701 at a 
typical pressure of 0,4-2.2 kg/cm* abs. during the distillation of acetic acid and water. The 
low pressure steam 791 is then sent to steam turbine 760 for additional power generation for 
use within the plant. 

[00074] Thus, a terephthalic acid production plant, distillation system and method 
according to the present invention provides various advantages over a conventional 
distillation method and an azeo tropic distillation scheme. Lower energy and steam 
consumption is required in the present system. A higher acetic acid recovery from reaction 
water such that less acetic acid is lost to be processed at a waste water facility. Additionally, 
the dehydration of the acetic acid during the terephthalic acid production generates a more 
useful low pressure steam for power generation or other uses in the plant. 

[00075] The foregoing description of a preferred embodiment of the invention has 
been presented for purposes of illustration and description. It is not intended to be exhaustive 
or to limit the invention to the precise forms disclosed Obviously, many modifications and 
variations will be apparent to. practitioners skilled in this art. It is intended that the scope of 
the invention be defined by the following claims and their equivalents. 

[00076] All publications and patent applications mentioned in this specification are 
herein incorporated by reference to the same extent as if each individual publication or patent 
application was specifically and individually indicated to be incorporated by reference. 
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[00077] While the invention has been described with respect to its preferred 
embodiments, it will be appreciated that other alternative embodiments may be included. For 
example, with respect to all of the explicitly disclosed embodiments, as well as all other 
embodiments of the invention, a different distillation system including different tray designs 
and arrangements may be incorporated. Various other column modifications including 
multiple dehydration stages and uses of alternate entrainers may be utilized. These and 
various other modifications can be made to the disclosed embodiment without departing from 
the subject of the invention. 
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